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APPARATUS FOR DETECTING CHANGES OF
LENGTH IN A MEDIUM EMPLOYING
DIFFERENT FIBER LENGTH

The invention relates to detection of changes of a
medium along a measuring path therein, in a manner
utilising several measuring marks along the measuring
path arranged at differing distances from a reference
position.

Such apparatus, also referred to as an “extensome-
ter”, can serve in detecting ground subsidence, cracks
developing in a structure or in the ground, or the detec-
tion of other movement in a structure, for example a

10

dam, due to external forces, for example the pressure of 15

water 1n a reservoir behind a dam.

In one known extensometer, a borehole in the me-
dium to be examined has several measuring marks
equally spaced relative to each other and firmly an-
chored in the borehole, see German Patent Specifica-
tion No. 2920886. The distance between two of the
measuring marks can be checked by means of a probe
entered into the borehole and having two measuring
heads locatable relative to two measuring marks, usu-
ally adjacent ones, the distance between which marks is

20

25

determined by means of an inductive displacement

gauge communicating via a cable with a digital display.
Disadvantages of this known extensometer are that only
one distance between two measuring marks 1s checked
at any one time for any one physical set up of the heads,
and generally that measurement range is limited by the
length of the measuring probe. Measurement is thus a
laborious process and can only be performed for one
part of the borehole at a time.

In another known extensometer, a borehole within
the medium to be examined 1s filled with filter gravel
having measuring marks secured therein at spaced dis-
tances from each other by way of concrete injections.
The measuring marks are at free ends of thin bars which
are longitudinally movable in thin pipes in the filter
gravel and have their other ends protruding from the
borehole. Electric displacement gauges detect longitu-
dinal displacements of the bars at their protruding ends
and relay same to a display unit. It is very difficult to
sink the measuring marks to great depths of the bore-
hole and secure them thereat, as this necessitates the
provision of very long concrete injection lines. Further-
more, the bars, which are guided in pipes, take up quite
a lot of space across their longitudinal direction, so that
the borehole required for even a relatively small num-
ber of measuring marks must have quite a large diame-
ter. |

It 1s an object of the invention to provide a device
suitable as an extensometer relying on spaced measuring
marks, not only to be capable of monitoring changes in
a medium periodically or continuously, and automati-
cally, as to size and location, but which requires com-
paratively hittle space, is of simple construction, is easily
installed, and has capability to check either straight or
curved measuring paths.

According to the invention, each measuring mark is a
reflecting end of a lightwave conductor which is firmly
fixed to a carrier member itself capable of being fixedly
connected to the medium to be checked along the mea-
suring path.

In one embodiment of the invention, the carrier mem-
ber 1s a sleeve including therein embedded lightwave
conductors, thus serving, at the same time, as a measur-
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Ing pipe, a sensor, and a transmission channel for optical
measuring signals that can be modulated according to
changes occurring in the medium along the measuring
path. Suitable lightwave conductors can be very small
in diameter so that many of them can be accommodated
in a sleeve of small cross-section, thus requiring only a
small borehole or other channel of small diameter,
whether in the ground or in-a structure to be checked.

Preferably, coherent light is used for passage along
each individual lightwave conductor from one refer-
ence position and reflection from its end serving as a
measuring mark. Longitudinal changes of the medium
that occur in the course of time, can be checked periodi-
cally or effectively continuously, and automatically, by
comparing optical path length measurements with ini-
tial values measured at installation or other desired
reference time.

Preferred lightbeam measurement relying on total
reflection has low light losses and can check all
changes, whether expansions, such as cracks, or com-
pressive deformations, including along a curved mea-
suring path. This is of particular advantage for curved
structures, such as arcuate dams, or in going around
corners.

Sensors hereof can have a large number of lightwave
conductors and can be pre-fabricated in considerable
lengths. Such sensors are electromagnetically neutral
and insensitive to humidity, which i1s advantageous
when used in damp structures or in the ground.

It is particularly advantageous for all the ightwave-
conductors to be 1in a common sleeve. Such sleeve can
then include 2 hose or a pipe with the lightwave con-
ductors arranged therein and connected thereto along
the measuring path by elastic material, but with their
reflecting ends fixedly attached to the hose or pipe. The
hose or pipe can even be of a brittle material which, for
crevasses and cracks appearing in the medium to be
checked, tears open across its longitudinal direction as
pulling forces act on the pipe or hose. A part or parts of
the pipe or hose that then moves or move can take with
it or them the reflecting end of at least one sensor,
whereupon at least the corresponding lightwave con-
ductor embedded in the elastic mass can stretch.

In another embodiment, the hose or pipe can be of an
elastic material, so that the pipe or hose expands or
contracts depending on whether pulling forces or com-
pression forces act on the pipe or hose.

A suitable pipe can be made of a fibre-reinforced
material, for example glass fibers or carbon fibers em-
bedded in synthetic plastics material. Fibre-reinforced
materials of this type have a high modulus of elasticity
and thus can stretch within substantial limits, but also
have high rigidity. The lightwave conductors can then
have their reflective ends attached to the pipe, for ex-
ample glued to the inside wall of the pipe, or attached to
cross-members which themselves are anchored in the
wall of the encapsulating pipe or hose. The lightwave
conductors are advantageously embedded along their
total length 1n a synthetic matenial that is elastic and
completely fills the pipe, so as to protect the lightwave
conductor from being damaged, and to assist in transfer
of changes along the measuring path that reflect
changes transferred by the checked medium to the
sleeve. The hightwave conductors then experience con-
tinuous longitudinal changes as they stretch or deform.

The sleeve can be glued to the medium to be checked
along the entire length of the measuring path, for exam-
ple inside a concrete component, Or even at the outside
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of such a component. The sensor, comprised of ligh-
twave conductors and the sleeve, can be embedded
along the entire measuring path in the medium to be
checked, and connected thereto, by a hardening mass,
for example concreted into a component, or secured in
a ground borehole by means of injected mortar which
saturates the space between borehole wall and the out-
side circumference of the sleeve of the sensor.

Lightwave conductors of the sensor are advanta-
geously permanently connected to an evaluation unit
capable of checking the length of the lightwave con-
ductors whenever required or arranged to do so. An
alarm system can be provided to be triggered by prede-
termined certain measured values, for example if undue
cracks or crevices develop in the medium to be
checked, for example in the foundation of a building, or
when the evaluation unit registers subsidence in excess
of pre-determined values. |

Further detailed features and advantages of embodi-
ments of the invention are contained in the following
description and the drawing, which shows an installed
device schematically in side view and partially in longi-
tudinal section.

BRIEF DESCRIPTION OF THE DRAWING

The FIGURE is a cut away view of the subject appa-
ratus situated in a vertical borehole.

Underneath a dam (not shown) subsidence and rock
movements expected in the ground 16 are to be checked
and recorded, normally on a continuing basis over a
long period of time. An extensometer is used relative to
a measuring path provided into the ground. The exten-
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someter by which subsidence, expansion, contraction

and other displacement in the ground are to be detected,

is referenced 10 overall. It comprises an evaluation unit

11, which 1s accommodated above ground level orin a
chamber, say of a dam, and has an optical range-finding
device 12 and a sensor 13 shown disposed in a borehole
14. The borehole 14 is specifically indicated as being
located under sole 15§ of a dam, conveniently substan-
tially vertically into the ground 16. The sensor 13 is
embedded in the borehole 14 by means of a concrete- or
synthetic-material mortar or other hardened or cured

mass 17, and 1s thus firmly connected with the borehole

wall. In the ground 16, which is the medium to be
checked, deformation zones that may be due to subsi-
~ dence, and/or expansion zones that may be due to other
- displacement, and which extend transversely of the axis
18 of the borehole 14 are indicated in the drawing by an
approximately hcrizontally extending line 19 for a de-

formation zone, and two pmrs of honzontally extending

lines 20 and 21 for cxpansmm Zones.
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- Sensor 13 shown in the borehole 14 comprises a plu- -

rality of lightwave conductors (LLWL) of which only
five 22, 23, 24, 25 and 26 are shown in the drawing.
These lightwave conductors 22 to 26 are tightly encap-
sulated along the measuring path following the axis of
the borehole 14 within a sleeve referenced 27 overall.

The sleeve 27 comprises an outer pipe 28 outside an
elastic mass 29 into which lightwave conductors 22 to
26 are embedded in such a manner that they are con-
nected to and by said elastic mass 29 over their entire
lengths along the measuring path A. The outer pipe 28
can be of a fibre-compound material, for example of
glass-fibre reinforced synthetic plastics material. A suit-
-able outside diameter is about 30 mm. The elastic mass
29 mnside the pipe 28 can be an elastomer, preferably of
“synthetic plastics material, which adheres well both to
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the inside wall of pipe 28, and to the lightwave conduc-
tors 22 to 26. Instead of a pipe of glass-fibre material, a
hose of sufficiently strong but flexible synthetic material
can be used, so that the sensor is flexible and can follow
curved measuring paths. It is feasible to glue the sensor

‘to the outside of a component following any desired

measuring path, or to place it inside a structure in a bent
configuration, or to embed it in concrete or attach it as
desired.

In the drawing, the sensor 13, has an outside diameter
of approximately 30 mm. However, the diameter can be
larger, and many more than just five lightwave conduc-
tors can be accommodated in the sleeve 27 of the sensor
13, which can readily have a length of up to 50meters.

- The drawing shows the lightwave conductors 22 to
26 attached at the upper end 27a of sleeve pipe 28 in a
sealing plate 30, but of differing lengths. The free lower

‘ends 22a, 23a, 24a, 25a or 26a, respectively, of the ligh-

twave conductors 22 to 26 are mirrored and secured
relative to the pipe 28 of the sleeve 27. For this purpose,
the mirrored ends 22a to 26a can be fixed by glue,
shown using perforated cross members 31 to 35 them-
selves anchored to the wall of the pipe 28. The mirrored
ends 22a to 26a of the lightwave conductors 22 to 26
constitute measuring marks which, for each illustrated

lightwave conductor 22 to 26, have different distances

a2, 423, a4, azsand aze¢from a reference point P shown
represented by the lower front face of an upper sealing -
plate 30, to and through which the lightwave conduc-
tors 22 to 26 are secured for exit into a hood 36. Above
the sealing plate 30, the lightwave conductors are gath-
ered in the hood 36 and can be connected convention-
ally to lightwave conductors of a preferably flexible
lightwave-conductor cable 37 going to the evaluation
unit 11.

In the evaluation unit 11, the resPectwe conductor
path lengths are measured by a lightbeam originating
from a coherent light source and passing to the mir-
rored end in the lightwave conductor then concerned
and reflected back during a corresponding measuring

‘interval. This length can then be compared to the length

recorded for a calibrating lightbeam used immediately
after installation. Differences in measurements from the
time of installation to the time of checking permit deter-
mination of whether changes have occurred in the in-

terim, to what extent, whether they are expansions or

contractions, and where along the overall measuring
path those changes have occurred.

For example, if the ground has expanded in the re-
gion between the mirrored end 224 of lightwave con-
ductor 22 and the mirrored end 23g of lightwave con-
ductor 23, say as shown in the drawing by double line
20, then this will be detected by all of the lightwave

conductors 23, 24, 25 and 26 having become longer by

the same amount, but the length of the lightwave con-
ductor 22 having remained unchanged. Similarly, ob-
servations can be made for other expansions, say as
shown between the mirrored end 25a of the lightwave
conductor 25 and the mirrored end 26a of the lightwave
conductor 26, by indication of a horizontal crack 21.
Then, only the lightwave conductor 26 will have in-
creased in length.

If, however, a compressmn 19 has taken placc in the
ground, see the region between the mirrored end 24a of
lightwave conductor 24 and the mirrored end 25q of
lightwave conductor 28, then lightwave conductors 25
and 26 have become shorter, whilst the length of ligh-
twave conductors 22, 23 and 24 will be unchanged.
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By appropriate addition and subtraction operations,

positive and negative longitudinal changes in the indi-
vidual hghtwave conductors will be determined, and
several compressions and expansions can be detected
and localised to specific measuring ranges over the
measuring path as defined by the distances between the
mirrored ends of respective pairs of the lightwave con-
ductors.

It will be appreciated that expansions large enough to
cause cracks in the pipe 28, even the sleeve 27, do not
necessarily affect the measuring result, so long as the
lightwave conductors 1n the sieeve 27 do not break 1n
the expansion zone. As the lightwave conductors are of
relatively great length, have some stretch capability,
and are completely embedded in an elastic mass, length
changes due to cracks in the checked medium tend to
occur throughout the entire length of the lhightwave
conductors, and facilitate recording.

The evaluation unit can include a conventional opti-
cal rangefinder, which transmits light spots or pulses
through the lightwave conductors for reflection by
their mirrored ends and return to their points of origin.
The wavelength of the light waves originating with a
coherent lightsource can be varied by a modulator ac-
cording to actual length to the reflecting mirrored end,
effectively tuned, so that a standing wave is established
between the lightsource and each particular reflecting
mirror i turn. Comparison can reduce to, or at least
inciude, the number and frequencies of modulated light
pulses compared with the number and frequencies of
light pulses recorded for each individual lightwave
conductor immediately after installation. By using a
software controlled multipiexer, all lightwave conduc-
tors of differing lengths can be connected to a single
rangefinder, and it is possible to perform the measuring
process under computer control and automatically.

The invention 1s not limited to the illustrated and
described exemplary embodiment, but several modifica-
tions and additions are possible without going outside
the scope of the invention. For example, the sensor
could be installed in a horizontal or transverse position,
and 1t can be adapted to curved measuring paths. Fur-
thermore, the sensor does not have to be concreted 1nto
the medium to be checked, but 1t 1s also possibie to glue
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it to the medium to be checked or to connect it 1n any
other effective way.

We claim:

1. Apparatus for detecting changes of length in a
medium along a measuring path through that medium,
including a plurality of lightwave conductors following
the measuring path each to different extent from a refer-
ence position, each such lightwave conductor having a
reflecting end remote from said reference position and a
lightwave conductor carrier member following said
measuring path, and having said reflecting ends of the
lightwave conductors secured thereto at said different
distances, said carrier member being for fixed connec-
tion to said medium along the length of the measuring
path.

2. Apparatus according to claim 1, wherein the car-
rier member comprises a sleeve about ail of the ligh-
twave conductors.

3. Apparatus according to claim 1, wherein the car-
rier member is of hollow pipe form and the lightwave
conductors are embedded in elastic material within the
carrier member, and the carrier member has internal
fixed connecting means for the mirrored ends.

4. Apparatus according to claim 4, wherein the car-
rier member is composed of a fibre-reinforced material,
and the lightwave conductors are embedded over their
entire length in synthetic plastics material as said elastic
material.

5. Apparatus according to claim 1, wherein the car-
rier member is expandable and contractible along the
measuring path.

6. Apparatus according to claim 1, wherein the car-
rier member is glued to the medium to be checked along
the entire measuring path.

7. Apparatus according to claim 1, wherein the car-
rier member is embedded within the medium by a hard-
ening material extending along the entire measuring
path. |

8. Apparatus according to claim 1, comprising an
evaluation unit which 1s permanently connected to the
lightwave conductors and serves to check their lengths

from time to time using light pulses applied thereto and

reflected from their ends.
S % * % S
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